Abstract; Available forms of mercury (Hg) released from artisanal gold mine activities could be taken up increasingly by plants via root and leaf stomata. Total mercury (THg) concentrations in dry deposit, surface soil and rice grains were investigated as well as the potential risks in september 2011 from three rice fields of concern. The results revealed that the concentrations of THg in dry deposition, top soil (0 to 5 cm depth), sub soil (6 to 10 cm depth) and rice grains (Oriza sativa L.) both brown (once milled) and white (twice milled) grains were ranged from 166 to 322 m -2 day -1 , 484 to 4244 µg kg -1 dw, 122 to 1812 µg kg -1 ww, and 113 to 1084 µg kg -1 ww, respectively. Hazard quotient (HQ) values for dry deposition, top soil and sub soil were ranged from 3 to 7, 5 to 42 and 5 to 36, respectively. Target hazard quotient (THQ) for brown and white rice grains consumptions were found in the range of 0.1 to 1.6 and 0.1 to 1.0, respectively. THQ values through brown rice consumption exceeded the guideline (>1) presented that the brown rice in these areas should not be safe for consumption and are at risks for the whole lifespan. However, the THQ values of both brown and white rice grains in some areas were still low and should be safe for the whole life span consumption.
Introduction
In open burning process, Hg will be released to the environment [1] . Amalgamation process in artisanal Buladu gold mine that mixes elemental Hg with mineral ore is a point source of Hg. In this mine, tromols are used in amalgamation process and Hg is added after three hours of grinding and then solid Hg-gold amalgam is generated. During the open burning process, Hg is vapourized and left behind the gold bullion. In Buladu gold mine, heating process is conducted via open burning system inside residential area as the gold is valuable and needs security [2] . Hg is a highly toxic element because of its accumulative and persistent characters in the environment and biota [3] .
In terrestrial habitat, vaporized Hg goes directly into the environment matrix such as air, soil and might be accumulated in the organisms living in the surrounding areas. Some Hg emitted in term of vapor from soil and water will enter the atmosphere, where it might be potentially transported and redistributed over the Earth's surface [4] .
Materials and Methods

Study area
Artisanal Buladu gold mine is located in Sumalata District, North Gorontalo Province, Indonesia. It is an active and important gold mine which has been managed both in traditional way by local communities and in technological system by mine factories [2] . Hg distribution in the rice fields resulting from the amalgam open burning process affected Hg accumulation in soil and rice grains in the surrounding areas within the radius of about 15 km from the point source. The field sampling was conducted by selecting 3 terrestrial representative stations in three different rice fields with 3 sub sampling plots in each rice field for dry deposit, surface soil and rice grain samples.
THg mass balance
An assessment of Hg mass balance during amalgamation process was conducted by weighing the total amount of Hg used and Hg recovered after the amalgam was squeezed and burnt.
Dry deposition
In consideration of possible resuspension ground contaminant, dry deposit dish sampling set points were located at the level of 2.5 m above of ground. A set of glass containers (27 x 17 x 10 cm 3 ) was used to collect the dry deposit fall out of THg atmospheric particulates in summer. The dish containers were filled with deionized water about five cm dept and refilled in every afternoon during three days of collection period. All samples were collected in the HDPE (high density polyethylene) bottles, and then kept in the refigurator prior to be analyzed.
Surface soil
Surface soil samples were collected in the rice fields using hoe and chisels at the levels of 0-5 and 6-10 cm dept in each 25 m 2 sampling plot. Three sub sampling plots were selected from each rice field in Wubudu, Motihalumo and Dulukapa Villages. Each sample was divided into two sub samples with three replicates of each. In sample preparation, wood pieces, pebbles, roots, branch and debris were discarded and soil samples was sieved through a 2-mm mesh sieve [5, 6] .
Rice grains
Sampling grains of rice (Oryza Sativa L.) were collected once in harvesting season in September, 2011 at the same site as soil and dry deposit samples in three rice fields (TF1-TF3). Both glutinous and non glutinous rice grains were planned to be collected, but only non-glutinous rice grains were available at all stations. Those rice grain samples were then divided into two kinds of samples, they were once milled (brown rice) and twice milled (white rice).
THg analysis
All samples were digested for THg analysis by using the method suggested by the Wetland Biochemistry Institute, Lousiana State University [7] . THg concentrations were determined by automated cold vapor, CV-AAS (Cold Vapor Atomic Absorption Spectrophotometer; SHIMADZU, Spectr. AA 6200) after NaBH 4 (Sodium Borohydride) reduction. All samples were analyzed in three replicates with detection limit of 0.001 µg L -1 .
Laboratory quality control
All samples were analyzed at the certified Laboratory of Chemistry Analysis (Laboratorium Kesehatan) in Makassar City, Indonesia. In order to obtain an accuracy in procedures of analyses, calibrations were done by using three replicates of standard reference material (SRM 1646a estuarine sediment) from the U.S. Department of Commerce, National Institute of Standard and Technology (NIST) Gaithersburg, MD 20899 and three replicates of blank. The method detection limit (MDL) with seven reagent blanks was calculated (by three multiplies the standard deviation of the seven reagent blank samples in the sample batch) and used as a tool for verification as well.
Potential environmental risks
They were determined by using a quantitative screening Hazard Quotient (HQ); the ratio of the exposure estimated concentration and a safe environmental concentration or screening benchmark. HQ = EEC/Screening Benchmark (1) [8, 9] , as the followings; HQ < 0.1, no hazard exists; HQ 0.1-1.0, hazard is low; HQ 1.1-10 hazard is moderate and HQ > 10, hazard is high [10] .
Target Hazard Quotient (THQ)
Non-cancer risk assessments were conducted using the THQ; a ratio of the estimated dose of a contaminant to the dose level below any appreciable risk. If the value of THQ is less than unity, it will be assumed to be safe for risk of non-carcinogenic effects, vice versa.
(2) RFD x BW x AT where; EF is exposure frequency (365 days/year); ED is the exposure duration (70 years); FIR is food ingestion rate ; C is metal concentration ; RFD is the oral reference dose (5.0 x 10 -4 µg g -1 /day) BW is body weight (70 kg) and AT is averaging exposure time for non-carcinogens.
Results and Discussions
Hg Mass Balance
The Hg used in amalgamation process for the peroid of 10-12 hours per day for one set of 20-30 tromols were investigated. In the amalgamation process using 20 tromols, the yield of unpurified gold was around 36 g. It revealed that 1.8 g of gold was produced per 1 tromol. After squeezing and burning, the Hg lost was about 2.5 g/tromol, or 2.5 g of Hg was consumed for 1.8 g gold produced or rounded up to 1.3 g Hg used per 1 g of produced gold.
Quality control of analyses
The detection limit of the spectrophotometer was of 0.001 µg L -1 and the method was verified by certified standard reference material. Method detection limit (MDL) was of 0.57 µg Hg -1 L with recovery percentage of 97.25.
THg in dry deposition
The elevated THg concentrations were found at the station TF1 downwind from the point source in Wubudu Village, followed by TF2 and TF3 in Motihalumo and Dulukapa Villages at the concentrations ranged from 271 to 362, 207 to 298 and 166 to 219 m -2 day -1 , respectively. It can be implied that the THg decreased as the increasing distance from the point source. THg values of those in two areas of TF2 and TF3 were lower due to the longer distances and shaded areas. In addition, some open burning sites at gold buyer shops near the station TF1 also contributed to released Hg into the atmosphere [11] .
THg in surface soil
THg of surface soil in three rice fields of Wubudu, Motihalumo, and Dulukapa Villages were found in the ranges of 1567 to 2542, 484 to 4244 and 881 to 2260 µg kg -1 dw, respectively. All of them exceeded The Indonesian Standard of Soil Quality accepted by The Environmental Ministry (500 µg kg -1 ).
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THg in rice grains
THg in brown rice grains of non-glutinous rice in Wubudu, Motihalumo and Dulukapa Villages were in the ranges of 1042 to 1812, 795 to 915, and 122 to 254 µg kg -1 ww, respectively. Likewise, those in white rice grains were lower in the ranges of 603 to 1084, 628 to 754 and 113 to 183 µg kg -1 ww, respectively. Hg contents of rice grains in TF1 and TF3 seemed to be correlated to Hg contamination in surface soil (r 2 = 0.92) though Hg uptaken by plants generally occurred via stomata instead of root. It corresponded with the study in South-West of Spain that the magnitude of plant Hg contents was greater with the respect of higher elemental Hg concentrations in soil [12] . Actually, Hg uptaken by plant accumulated in rice grains (TF1, TF2 and TF3) was not correlated to THg in soil (r 2 = 0.11). Thus, plant absorbed Hg in form of vapor directly from atmosphere [13] . Nevertheless, the correlation between Hg contents in plant and those in soil still needs more information of particle size distribution of air particulates in the area.
Potential Environmental Risks (HQ)
The HQ for dry deposition and surface soil of 0-5 cm and 6-10 cm depth in the rice fields were in the range of 3 to 7, 5 to 42 and 5 to 36, respectively ( Table 2) . All values for dry deposition and surface soil were at risks (HQ >1). The high HQ values of dry deposition might due to the open area in the rice fields as well as the close distance from the point source, particularly in Wubudu and Motihalumo Villages. HQ values in dry deposition had similar trend and correlation with the HQ in surface soil. 
THQ of rice consumption
THQ values through rice consumptions for brown and white rice were more than 1 in the Wubudu Village and presented significantly health risk associated with Hg exposure (Table 3) . Although the rest stations in the other villages were lower and less than 1, it might pose to the risks with respect of the continual consumption. In addition, THQs of brown and white rice consumptions of the 70 kg of body weight were in the range of 0.1 to 1.6 and 0.1 to 1.0, respectively and exceeded the unity (>1). It also revealed that the rice grains from this area might not safe to consume for the whole lifespan. Consequently, the local people with the body weight of 50 kg to 60 kg might be posed to the risk, particularly, in brown rice consumption in Wubudu Village.
Conclusions
The concentrations and accumulations of THg in rice grains were affected not only by the distance from the point source and the topology but also the rice grain treatment process. The THg of once milled rice grains was higher than the twice milled ones. However, THg of all rice grain samples highly exceeded the standard and were not correlated to those in soil significantly. Obviously, the major uptake route of Hg into rice grain was via leaf stomata absorption of Hg in the atmosphere. The THQ for white and brown rice grain consumptions were more than one and presented risks to consume, particularly those from Wubudu and Motihalumo rice fields.
